INTRODUCTION
Since the rate of replenishment from the ionosphere is low, the plasma densities on these field lines will be small compared to the densities on the latter group of field lines (which correspond to the plasmasphere) on which plasma escape is always prevented since the field lines are always closed. Implicit in this model is the existence of a continual motion cf plasma directed away from the earth along the field lines in the depleted region outside of the plasmasphere. Using satellite 1 r ion composition measurements this paper will explore some of the characteristics of these fluxes on field lines passing through the light ion trough.
THEORY
The region under discussion will be the magnetosphere above the F 2 -peak, where O+ and H+ are the major constituents (Taylor et al., 1968) . There O + is dominated entirely by transport processes. H + is chemically coupled to O + through charge exchange O+ * H_H + +0 (1) up to heights of typically 500 km; above this height transport processes also prevail for H+.
Within the plasmasphere (typically L < 4) the plasma can be considered as confined in field tubes. The consequence is that transport processes are only induced through the diurnal redistribution of plasma causing proton fluxes into and out of the protonosphere. This is in contrast to the region outside the plasmasphere, where electromagnetic drift (Nishida, 1965) and possibly turbulent diffusion across the magnetic field (Mayr,1968 ) may greatly affect the plasma distribution.
Plasma drift out of the closed magnetospheric field lines results in a. loss of plasma from the outer flux tubes. Ionospherically produced plasma moves upwards F along the outer closed field lines to replenish the plasma loss (see Figure 1 ).
The characteristic time for filling up or depleting the magnetospheric density population may be of the order of a day or even longer at high latitudes where the field tubes are large. For this reason we deal also with a dynamic problem.
At present, a three-dimensional, time dependent theoretical model for the magnetosphere does not exist. Therefore, in discussing OGO 4 ion composition 2 data, a semiphenomenological approach will be adopted in which the plasma distributions along field 'lines will be of prime concern.
The continuity equations for H + and O + are If one disregards dynamic effects in the ion composition H + can be assumed to be in charge exchange equilibrium almost up to the O + -H + transition level.
Thus at this level the condition
is nearly satisfied. This implies that the transition level is mainly determined by the neutral composition for which there is no evidence that it would significantly vary over the latitude range under consideration.
Based essentially on these arguments, previous investigations ) led to the conclusion that dynamic effects must be invoked to explain both the ion composition and plasmapause at high latitudes.
Our investigation will be concerned with a very narrow latitude range be- Introducing fluxes, we adopted the following model:
At low latitudes (L = 2.5) electromagnetic drift and diffusion across the magnetic field in a non azimuthal direction, both induced by plasma escape at high latitudes, are ineffective. Consequently the proton velocity (Equation (10)) is determined by the local time variation in H + , the latter we can expect to decrease during night due to the decreasing plasma temperature. Hence we adopt a downward flux at the base of the protonosphere and we adjust its value (-10 8 /cm2
sec) such that we achieve agreement with the measurements.
At high latitudes where we are close to the region of plasma escape, where perpendicular diffusion and electromagnetic drift drain plasma out of the closed field tubes, these processes can more than compensate for the diurnal redistribution of plasma within the magnetosphere. Hence we can expect an upward flux of protons at the base of the protonosphere at L = 6. Its value we choose here such that the computed equatorial density agrees with the plasmapause observation of 5/cc.
At L = 4 between the two extremes we assume the flux to be zero.
The computed density distributions are shown in solid and dashed lines in Figure 4 at 900 km, and in Figure 5 for the equatorial plane. A discrepancy of major significance, however, becomes apparent when examining the H + densities at low altitudes for L = 6. At 900 km the computed H + concentration is only 3 x 10 '/cc, a value that is by more than a factor of ten lower than the observed hydrogen ion density. As evident in Figure 6 the scale height within the protonosphere is very large, thus in order to reproduce the low density at the plasmapause we had to start out with low proton concentrations within the ionosphere; in our model this is caused by a large drainage of protons.
For the calculations so far the nonlinear convection terms V + aV +/ a s, Within the plasmasphere where we deal with proton densities between 10 3 -10 4/cc, the upper limit of the proton velocities is in the range between 10'
and 10 4 cm/sec assuming the critical proton flux to be in the order of 10 6 /cm 2 sec (Brinton et al. 1969 ). Such velocities are by about a factor of ten smaller than the thermal velocities of the protons (_10 6 cm/sec) and this may justify the neglect of the convection terms. In the region of the plasmapause with proton densities between 10 2 and 5/cc the thermal velocities can be approached or even exceeded and thus we must consider this term in Equation (6) ; in fact we attribute the previously described discrepancy between our claculated and observed proton concentrations to the effectiveness of this convection term.
The convection te-m. in Equation (6) is obviously positive definite with regard to the velocity direction and it is proportional to the spatial derivative of the velocity squared. A velocity increase with height decreases the scale height of the protons, a decrease of tiie velocity will increase the scale height. Hence, the requirements on the proton, velocity distribution to match for L = 6 the relatively high proton concentrations at 900 km with the low densities near the plasmapause at the equator are the following:
1. Within the ionosphere and in particular within the O + diffusion barrier, the proton flux must be significantly lower than the critical flux so that drainage of protons will have a minor effect on the hydrogen ion density 13 r r, at the 0+ -H + transition level. This implies that the proton velocity must be small at the base of the protonosphere.
Within the protonosphere the proton velocity has then to increase in order
to reduce the proton scale height.
3. To satisfy the symmetry requirement with respect to the equatorial plane the proton velocity has to be zero at the equator. Strictly speaking this is only valid at equinox conditions. During solstice periods the zero velocity conditions will occur in either of the two hemispheres. Thus in any case we must expect that the velocity approaches zero at high altitudes which we assume here to be at the equator. This implies that the originally increasing proton velocity has to decrease toward the equator and thus forms a peak at some height. Above the peak, the effect of the convection term will be to increase the proton scale height.
Incorporating the convection term in our calculation, we adopted a velocity distribution that, consistent with the preceding specifications, allowed us to fit the ion composition measurements at 900 km with the equatorial plasmapause observations at L = 6. For this purpose we adopted quite arbitrarily, a Chapman function, which provides a reasonably good fit for a peak velocity of 3. In interpreting the first discussed proton velocity distribution, we have to consider Equation (10), which relates the proton flux to plasma loss across the field PH and to temporal variations within the protonosphere a [H + ] /a t.
From Equation (10) NASA-GSFC COML., ARL., VA.
